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TGFB1 REGULATION AND NOVEL THERAPIES FOR OSTEOARTHRITIS
P. Hopkins. New England Baptist Hosp., Roxbury, MA, USA
Purpose: Exploring the role of biomarkers in osteoarthritis and adhe-
sive capsulitis.
Methods: Pt was a 65 year old wm who presented 6 weeks post total
knee replacement with swelling and limited range of motion. His pre-
vious knee replacement was without complication. His range of motion
was limited to 85 degrees. His blood work showed a normal WBC, ESR,
CRP. His MMP1 and MMP 3 were elevated at 49% and 64% of inﬂam-
matory levels observed in Rheumatoid arthritis.
Results: The patient was placed on doxycyline 100 mg daily. After two
weeks of therapy all swelling had resolved, range of motion had
increased by 50% and pain had completely disappeared. He tolerated
the medication without any adverse events. The dose prescribed was
sub anti microbial.
Conclusions: Osteoarthritis (OA) is the most common form of arthritis,
affecting nearly 27 million people in the United States, and is a chronic
degenerative disorder affecting joint tissue in, e.g., the hands, feet, hips,
knees, or spine. Fibrosis of the surrounding muscle architecture has
been implicated in the development of advanced osteoarthritis.
Doxycycline is a semisynthetic, chemically modiﬁed tetracycline com-
pound that is rapidly absorbed when taken orally and topically, and
which exerts biological effects that are independent of antimicrobial
activity (Greenwald, Ann. N.Y. Acad. Sci., 732: 181-198, 1994).Although a number of investigated therapies against inﬂammatory
conditions, such as OA, have demonstrated palliative properties, these
therapies may not produce consistently beneﬁcial outcomes in subjects.
Therefore, there remains a need for methods to treat subjects with such
inﬂammatory conditions as well as methods to accurately diagnose the
presence of such inﬂammatory conditions in subjects.
Summary of the treatment protocol.
The case report features protocol for treating subjects with inﬂamma-
tory conditions, as well as methods for detecting inﬂammatory con-
ditions. Such inﬂammatory conditions may include, for example, mild
traumatic brain injury (mTBI), also known as concussion, osteoarthritis
(OA), ﬁbromyalgia, diabetic adhesive capsulitis, hypermobility syn-
drome, exercise intolerance, arthropathy, inﬂammatory bowel disease,
constipation, diabetes-associated inﬂammation, adhesion (e.g., post-
operative adhesion, post-operative adhesion after joint replacement
surgery, or abdominal adhesion), Ehlers-Danlos Syndrome, sarcopenia,
sarcoidosis, and liver ﬁbrosis. In various embodiments, the adhesion is
the result of injury, surgery (e.g., joint replacement surgery), or
inﬂammation. In some embodiments, the adhesion occurs in a joint,
tendon, ligament, eye, abdomen, pericardium, or pelvis. In certain
conditions, the joint is a shoulder joint, knee joint, hip joint, ankle joint,
elbow joint, or wrist joint.
We propose that the tetracycline derivatives have a therapeutic role in
treatment of many of the degenerative diseases associated with
inﬂammation, ﬁbrosis, adhesions and subsequent deterioration of the
joint. While historically research in the ﬁeld of degenerative arthritis
has focused on cartilage and bone we hypothesize that the extra-cel-
lural matrix[ECM] and the TGF pathway play a critical role in muscle
sarcopenia and subsequent joint degeneration. Discovery of a bio-
marker for a disease of such widespread catastrophic economic con-
sequence is critical at this time.Biomechanics & Gait
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GAIT CHARACTERISTICS THAT INFLUENCE CARTILAGE THICKNESS
ARE RELATED TO SERUM CONCENTRATIONS OF CARTILAGE
OLIGOMERIC MATRIX PROTEIN BEFORE AND AFTER A
MECHANICAL STIMULUS
E.F. Chehab y,z, M.R. Titchenal y,z, J.L. Asay y,z, T.P. Andriacchi y,z.
y Stanford Univ., Stanford, CA, USA; z Palo Alto VA, Palo Alto, CA, USA
Purpose: The serum concentration of cartilage oligomeric matrix pro-
tein (COMP) has been reported to be elevated in patients with knee
osteoarthritis (OA) and changes in serum COMP concentration due to a
mechanical stimulus (30 minute walk) were associated with cartilage
thinning over ﬁve years. However, it is not clear if there are speciﬁc
features of gait that inﬂuence pre-activity and post-activity COMP lev-
els. While several mechanical measures during walking have been
associated with morphological changes in cartilage, the association
between these mechanical measures and biomarkers in serum remains
unclear. Thus the purpose of this study was to test if speciﬁc gait
characteristics that have been shown to be associated with cartilage
thickness changes are also associated with serum COMP levels before
and after a 30-minutewalk.We tested the hypotheses that the ﬁrst peak
knee adduction moment (KAM), the ﬁrst peak knee ﬂexion moment
(KFM), the knee ﬂexion angle at heel-strike (KFA), and the anterior-
posterior position of the femur relative to the tibia at heel-strike (FP)
were related to baseline levels of COMP in serum as well as COMP levels
in serum 5.5 hours after a mechanical stimulus (mCOMP) in subjects
with and without knee OA.
Methods: An IRB-approved protocol was used to recruit and test 40
healthy subjects and 33 subjects with medial knee OA (Table 1). Blood
was drawn before and 5.5 hours after 30 minutes of walking at a self-
selected normal pace. Serum COMP levels were quantiﬁed using ELISA;
post-activity COMP level was expressed as a percentage of pre-activity
level. Gait mechanics during normal walking at a self-selected speed
were collected using optical motion capture and a ﬂoor-embedded
force plate; kinetic and kinematic measures were calculated using the
point cluster technique and inverse dynamics. Backward stepwise
regressions were used to assess which independent measures of KAM,
KFM, KFA, FP, age, gender, BMI, OA status, and KL grade were
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healthy subjects, and OA subjects. This method rejected the least sig-
niﬁcant measure until all independent measures’ P<0.100; one knee
was used per subject.Table 1. Subject demographics (BMI: Body Mass Index; KL: Kellgren-Lawrence).
All (n¼73) Healthy (n¼40) OA (n¼33)
Gender 35 F, 38 M 19 F, 21 M 16 F, 17 M
Age (yrs, mean ± SD) 56.3 ± 10.9 53.1 ± 11.3 60.2 ± 9.0
BMI (kg/m2, mean ± SD) 26.6 ± 3.7 26 ± 3.8 27.3 ± 3.5
KL grade (mean ± SD) e e 2.5 ± 1.2Results: KAM and age were positively correlated with the resting
concentration of COMP for the combined group based on the backward
stepwise regression; after the mechanical stimulus, FP and age were
correlated with mCOMP at 5.5 hours (Table 2). The separation of groups
helped clarify the nature of these associations. Interestingly, for the
healthy group, the combination of FP and age was correlated with
baseline COMP, whereas mCOMP at 5.5 hours was correlated only with
FP (Table 3). For patients with knee OA, the combination of KAM and age
was correlated only with resting COMP (Table 4).Table 2. All Subjects: Baseline COMP correlated with KAM and age; mCOMP
correlated with FP and age.
Dependent Variable Measure Std. Coeff. P Model R2 Model P
Baseline COMP Age 0.46 0.000 0.26 0.000
KAM 0.22 0.036
mCOMP at 5.5 hrs Age 0.24 0.032 0.23 0.000
FP 0.36 0.002
Table 3. Healthy Subjects: Baseline COMP correlated with FP and age; mCOMP
correlated with FP.
Dependent Variable Measure Std. Coeff. P Model R2 Model P
Baseline COMP Age 0.44 0.004 0.34 0.001
FP 0.25 0.099
mCOMP at 5.5 hrs FP 0.61 0.000 0.37 0.000
Table 4. OA subjects: Baseline COMP correlated with KAM and age.
Dependent Variable Measure Std. Coeff. P Model R2 Model P
Baseline COMP Age 0.32 0.060 0.19 0.046
KAM 0.29 0.086
mCOMP at 5.5 hrs No measure correlated with p<0.100Conclusions: This study provides new insight into the relationship
between ambulatory mechanics and the pathomechanics of knee OA by
relating speciﬁc features of gait kinematics and kinetics to a biological
marker of OA. In healthy subjects, the ﬁnding that the kinematic
measure FP was associated with COMP and mCOMP (Table 3) supports
the relationship between kinematic changes and the initiation of OA.
Furthermore, the interaction of age with the biological changes pro-
vides insight into the risk of developing OA with increased age. These
ﬁndings are consistent with studies of healthy subjects that report
associations between regional cartilage thickness variations and knee
kinematics, as well as studies that report associations between agingand knee kinematics. In subjects with knee OA, the observation that
KAM is correlated with baseline COMP (Table 4) supports several
studies that describe the relationship between KAM and the pro-
gression of knee OA. This suggests a mechanism where continuous
increased medial loads in patients with knee OA is coactive with
chronically-elevated levels of serum COMP. Finally, the fact that the gait
measures used in this study have been previously associated with
structural changes in cartilage helps bridge the connection between
ambulatory mechanics, cartilage structure, and biological changes that
are implicated in the pathogenesis of knee OA.
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DOES PROLONGED MUSCLE ACTIVITY DURING GAIT EXPLAIN A
DECREASED ABILITY TO UNLOAD THE KNEE JOINT IN THOSE WITH
MEDIAL COMPARTMENT KNEE OSTEOARTHRITIS?
G. Hatﬁeld y, W. Stanish z, C. Hubley-Kozey z. yUniv. of British Columbia,
Vancouver, BC, Canada; zDalhousie Univ., Halifax, NS, Canada
Purpose: The role of joint loading in the progression of knee osteo-
arthritis (OA) is becoming increasingly evident. Gait biomechanics,
including a “stiff gait” (decreased ability to unload the knee joint), have
been associated with OA severity and are predictive of progression to
total knee arthroplasty. “Stiff gait” is thought to be a response to
decreased joint stability associated with passive osteoligamentous
changes found in knee OA, with muscles playing a role in providing
active stiffness to maintain joint stability. Thus alteration in muscle
responses, including higher and prolonged muscle activity during mid-
stance reported in knee OA, should be related to biomechanical char-
acteristics associated with a “stiff gait”. Therefore, this study deter-
mined i) if variables capturing “stiff gait” were related to variables
capturing prolongedmuscle activation during gait, and ii) whichmuscle
activation patterns best predicted a “stiff gait” pattern.
Methods: 54 patients withmoderate, medial compartment knee OA (59
(8) years, 31 (5) kg/m2) had three-dimensional lower limb motion,
ground reaction forces, and electromyograms from ﬁve lower extremity
muscles (vastus lateralis (VL), vastus medialis (VM), rectus femoris (RF),
medial (MH) and lateral (LH) hamstrings) recorded during self-selected
speed walking. External moments were calculated using inverse
dynamics, expressed in the joint coordinate system, and amplitude-
normalized to body mass (Nm/kg). Muscle activation patterns were
amplitude-normalized to maximum voluntary isometric contraction.
All waveforms were time-normalized to percentage of gait cycle.
Waveform shape and magnitude features were extracted using Princi-
pal Component Analysis (PCA), and waveforms were scored based on
how closely they matched extracted patterns. PC2 scores for the knee
adduction moment (KAMPC2) and knee ﬂexion moment (KFMPC2)
(biomechanical variables capturing “stiff gait” and decreased ability to
unload the knee joint, see Figure 1A and B) and PC2 scores for each of
the muscle activation patterns (capturing prolonged activation,
Figure 1C and D) were used in the statistical testing. Pearson product
moment correlation coefﬁcients quantiﬁed relationships between the
biomechanical variables and muscle activation patterns, and stepwise
regression models (p &lt 0.05 to enter model, p &gt 0.1 to remove)
determined which muscle activation patterns best predicted KAMPC2
and KFMPC2.
Results: Prolonged activation (PC2 scores) of all muscles studied were
signiﬁcantly associated with KAMPC2 (p<0.01), with correlation coef-
ﬁcients ranging from r ¼ 0.39 (MHPC2) to r ¼ 0.58 (VLPC2, Figure 1E).
KFMPC2 was signiﬁcantly correlated (p<0.01) with prolonged activa-
tion of all muscles except LH, with correlation coefﬁcients ranging from
r ¼ 0.40 (MHPC2) to r ¼ 0.66 (VLPC2, Figure 1F). All relationships were
positive, with more prolonged muscle activation (i.e. lower PC2 scores)
associated with a stiffer gait pattern (i.e. lower KAMPC2 and KFMPC2
scores). Based on the stepwise linear regression models, VLPC2 was the
best predictor of KAMPC2, with a coefﬁcient of 0.57. The model
explained 32% of the variance in KAMPC2 scores. The stepwise linear
regression model for KFMPC2 contained VLPC2 and RFPC2, with coef-
ﬁcients of 0.56 and 0.31, respectively. This model explained 50% of the
variance in KFMPC2 scores.
Conclusions: Prolonged activation of both the quadriceps and ham-
strings were associated with the biomechanical features capturing a
“stiff gait” and decreased ability to unload the knee joint. This study
